. S|

NATIONAL ADVISORY COMMITIEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED

| December 1843 as
Advance Restricted Report 3LO1

FATIGUE STRENGTH AND RELATED CHARACTERISTICS OF
SPOT-WELDED JOINTS IN 245-T ALCLAD SHEET

By H. W. Russell
Battelle Memorial Institute

kiar -
'AEROI\'
Lo di4 gy AUTICAL
'i‘:)," V.
Chopza oo .. e -

-, . 4 L) - ,.-“"'-' ]
: ' RS J

- ] - - _—I———-“——.l.h'r- "

WASHINGTON \

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-

nically edited. All have been reproduced without change in order to expedite general distribution.

w=61,




N

NATIONAL ADVISORY COMMITTER FOR ABRONAUTICS

ADVANCE RESTRICTED REPORT

--FATIGUE STRENGTH AND RELATED CEARACTERISTICS OF
SPOT-WELDED JOINTS IN 246+F_.ALCLAD SHEET
By E. W. Bussell

SUMMARY

The lnvestigations on spot-welded 243-T alclad re-
ported here lead to the following conclusions:

l. Tor lap-joint samples with & slingle row of avot
voelds, the static ultirate strength in pounds per inch
of joint shows a maximum with varied spot spacing at a
spacing of about 3/4 inch. On the contrary, the load
sustained to a given lifetime 1in fatlgue incresses as the
epot spacing decreases from 1% inches to 3/8 inch.

2. Lap-Joint samples svot-welded by different compa-
nles showed variatlon in static strength as high as 20
percent and variations in fatigue strength as high as
35 percent. The variation in fatigue strongth showsd no
correlation with varilatiosn in static strength. The spot
welds in thesse samples differed comnsideradbly in shavv as
voll ae in size.

5, Tests on a few wire-stlitched lap-joint samples
showed that some of theee with 8 to 12 staples had hilgher
fatigue strengths than samples with 11 spot welds.

4. The fatigue strength of stlffened panels tested
in compression shows & decreasp of as much as 50 percent
for an increase 1n apot-weld apecing from 3/4 inekh to
2 inches. There 18 little correlatlon between the vari-
ation of fatigue strength and that of static strength.

1

5. Heat-cracked welds 1n stiffened panels wers gen-.
erally as astrong in both static tests and fatlgue tests
as sound welds. The transverse cracks from overheating
the welds did not, in general, lncept fatligue failure.



INTRODUCTION

The following progress report on the Fatigue Charac-
teristics of Spot-Welded 245~T Alclad Aluminum Alloy in-
cludeg the results of several miscellaneous tests which
are extenslons of previous work. The previous investiga-
tion is completely described in a report pubdlished by the
Natlonal Advisory Comumittee for Aeronautics as Advance
Restricted Report ARR No. 3F1l6 (hereinafter referred to
as reference 1).

The present progress report is divided into five
parts. Part I glves the results of tenslon fatigue meas-
urements on lap-joint samples with a single row of gpot
welds spaced 3/8 inch epart. This extends the previous
work which included samples with spot sespaclngs of 3/4 inch
and 1& inches 8o as to allow pome conclusions concerning
the effect of spot spacirg on fatlgue strength.

All spot welding on samples used in the prevlious in-
vestigation and on those concerned in part I of the pres-
ent report was done at the Renaseleser Polytechnlc Institute.
It seemed desireble to compare fatlgue strengths of semples
spot-welded by different companles under commercial condi~
tions. Part II of thls revort containe data on lap-joint
samples welded at two diffsrent companlies and a comparison
of these data to values obtained in the earlier work on
samples from the Rensselaer Polytechnic Institute.

Part III contsins some results on fetigue strengths
of wire-stitched lap-Jjoint samvles and a comperison of
these results with values for spot—-welded samples.

The work previously reported also included compres-
slon fatigue tests on panels spot-welded to hat-shape
stiffeners. Part IV of thia progress report contalns ddta
on gimlilar samples with spot spacings of 2 inches 1ln exten-
sion of the spacings of 3/4 inch snd of 1& inches previously
used. Comparison of the various results allows some conclu-
slons concerning the effect of spot spacing on compresaion
fatigue strergthes of stiffened pmnels.

Part V contalrs results of compression fatizue tests
for stiffened panels with purposely overkeated sjot welds.
Comparlgoon of these data with values obtained earliler for
samples with sound welds ahows the effect ln these tests
of heat cracking 1n spot welds.



The general youtine of testling for all samples con-
cerned here is the same as that used in the previous in-~
veastigation. (See reference 1, mppendix II. Briefly,
teats were made on Krouse Direct Repeated Stress Machines,
and load values were corrected for dynamic inertial effects
by the use of electrical strain gages. Load valunes werse
set and maintained to about *15 pounds or to 3 percent.
Samples were checked by frequent periodic inspection.

This investigation, conducted at the Battelle Memorial
Institute, was sponsored by, and conducted with financial
assipgtance from, the National Advisory Committee for
Aeronauticas.

Acknowledgment is due Mr. E. S. Jenkins of the
Curtiss-Wright Corporation and Dr. Maurice Nelleas of the
Lockheed Aircraft Corporation for advice and asslstance
in obtalning materials and Jointed samvles for thla inves-
tigation. Many of the test pleces were spot—-welded at
the Rensselaer Polytechnic Institute through the courtesy
of Ur. Wendell ¥. Hess.

I. LAP-JOINT SAMPLES WITH 3/8-INCE SPOT SPACING

Materiaels, Test Pleces, and Static Tests

Tests reported here were run on samples made from
0.040-inch thick 245-T alclad sheet. The propertiles of
the sheet material itself have been tested sufficiently
to insure that 1t 1s representative of 1ts clasa of
materiale. (See reference 1, table 1.)

A representative fatigue test plece i1s illustrated
in figure 1. The sample was made by Jjolning two pleces,
each 9 inches long by b6 inches wilde, by & single r ow of
gspot welds across the center of a 1l- inch overlap. Each
gsample had 11 spot welds spaced 3/8 inch between centers.
The spot welding was done at the Rensselaer Polytechnic
Institute and thelr information concerning surface prep-
aration and spot-welding conditions 1s summarlgzed in
table 1.

Static teste of single-spot coupons were made at
R, P. I. 8Static tests on actual multiapoct - samples were
made at Battelle on a 20,000-pound Baldwin Southwark
testing machine using the same grips and loading technique

ag for the fatlgue tests. The resulting date arse given
in table 2.



Examination of Spot Welds

Figure 2 illustrates typical spot welds sectioned
from untested samples. Structurally, these welds resemble
those on similar samples with wider spot spacings. (See,
for example, reference 1, fig. 1l4.) The welds show an
almost rectesngular cross section in contrast to welds made
in other laboratories and shown in figures 9 and 10.

Careful measurements of varlous weld dimensione have
been made. To avold any misunderstanding, the following
ere definitions of the guantities measured:

(1) Percent penstration: the meximum cross section
of the weld 1n a direction perpendicular to
the sheet divided by twice the original sheet
thickneas

(2) Indentation: +the maximum reduction of cross
sectlon at the weld center

(3) off the difference between the penetration
of the weld slug 1n one sheet from the center
end its peretration in the other sheet

Flgure 3 is a labeled sketch of & cross ssction of a apot
weld and shows the various strucztural zones as wsll as
the geometrical esilgnificance of the quantities defined
above.

Micro~hardness moasuresments were taken on an sler-
Vickers machine using @ l4-kilogram load and a 136° diamond
penetrator. This was done as & start in etuwdying the rel-
ative physlcal properties of various structures in the
spot weld.

Table 3 spummaerizes the data obtalned by such measure-
ments on spot welds of untested semples.

Patlgue Tests

Tatigue tests were taken in repeated tension from a
maximem load to & minimum load at about 1500 cycles per
minute. Three sets of data were obtained st three ratios
of minimum load to maximum load (0.25, 0.50, and 0.75).

Load was maintained Yy periodic checking until fail-
ure. The cut-off waa set so that a drop of 300 pounds or



less would stop the machine. In all cesea, this drop oc-
curred only when the sheets completely separated or when
a crack had spread nearly across one sheet.

- -

Table 4 gives the results obtained. As noted pre-
viously for other gamples, there were three types of
fallure: shearing of the welds at very high loads, "pull-
ing buttons¥ at lower loads, and fatigue cracking across
& line of welds at all low loads. These are noted 1in the
tadble. (Examplee are shown 1n reference 1, figs. 1A to 1D.)

Flgure 4 shows load-1l4ife curvea plotted from these
data. The general appearance of the curves 1s like that
previoualy noted (reference 1, figs. 6 and 7) for teat
piecés with larger spacingas between spot welds.

Examinatlon of Failures

Fatlgue failures occurred in the same manner as pre-
viously noted for similar sarples wlth wider spot spacings.
Cracks started at the projection of the intermnal alclad
into the weld, and proceeded fanwise toward the externsil
alclad. Figure 5(a) illustrates this.

In all ceses in which a wide variation of gnot-weld
dimensions was noted on 2 sirgles sample, fallure f:irst
occurred at the smallar end thinner of the two outside
welda. TFigure 5(b) shows the first and the eleventh welds
of a sample in whick a crack started at the first spot and
fallure occurred before this crack reached, or another
crack started, at the eleventh spot.

Discussion of Results and Conclusions

Figure 6 shows load-life curves for three gets of
0.040-inch thick lep-Jjoint samples with-three apot spac-—
ings. (The curvea for specings of 3/4 inch and of 12
inches are taken from reference 1l.) It should be noted
that the data are plotted in terms of pounds per inch of
Joint. Thus the total fatigue stremgth of a Jjoint with
3/8-1nch spot spacing 1s greater than that of a joint with
3/4~inoh spacing,although the strength per spot 1s less
for the smaller spacing. The curves 1n figure 6 are for
a load ratio of 0.26; sesimilar curves for ratlos of G.50
and of 0.7b6 ahow little of additional interest. ¥or all
load ratlios and over the whole load range tested, samples
with smeller spot weld spacings had higher fatigue
strongthe.



The dependence of fatigue strength on weld svacing
is shown directly in flgure 7 for several lifetimes and
at three ratios. XNote that the static ultimate is high-
est for the 3/4-inch spot espacing and dropse off for the
3/8-inch spacing.* JApparently this 1s another example
of the situations in which fatigue strengths cannot ba
predicted from etatic tensile tests.

Filzure B8 presents another view of the same data. In
this figure, values of the ratio of static ultimate strength
to fatigue strength at a load ratio of 0.25 are plotted
against the number of cycles to failure. Thus the ordinates
represent a kind of "fatigue seneltivity" of the samples.
The nonlineer shaves of these curves and the variation with
spot weld spacing (note the "cross-over! of the curves for
3/8 in. and for 1& in. spacings) present more evidence of
the difficulty of nredicting fetiguse strengths from static
strengthe.

In summary, the data on samples with 3/8—1nch gpot
spacings and those on samples with wider spacings afford
these conclusions: )

l. Fatigue fallures for semples wilth 3/8-inch spot
weld spaclings were like fallures reported for eamvles with
wider spacings. :

2. Load to failure in pounds per spot decreases with
decreasing weld spacing.

3. The data do not mllow a clear~cut decislon ms to
the optimum spot spacing, since it appears that the best
spot spacing is different for static sestrength tham it 1is
for fatigue strength. The only statement that sppears to
be warranted at this time is that the best combination of
atatic and fatigue strengths can be secured with g.apot
spacing vetween 3/8 inch and 3/4 inch.

4, It seems advisable to determine whether further
decrease in spot apacing will further 1lncrease the fatigue
strengths. Tests proposed wlth roll welds may serve to
angwer this guestion.

¥It 18, perhaps, worth noting in fig. 7 that the curve for
a lifetime of 10,000 cycles at a load ratio of 0.50 1ls the
most nearly like the curve for static failure. A samnle
failing at 10,000 cycles at a ratio of 0.50 had a very hilgh

mean load or high stetic component of load.




6. There 1is additional evidence that fatigue astrengths
are not elmply related to static strengths.

IIl. LAP~JOINT SANPLES SPOT-WELDED BY DIFFERENT COMPANIES

Test Pleces, Spot Welds, and Static Tests

Lap-Joint samples similar to those already described
(see fig. 1 for i1llustration) were spot-welded at two
companies designated as Company A and Company B. Samples
from Company A were of 0.040-4inch 245-T alclad and had
spot spacings of 3/4 inch and of 1% inches. Test pleces
from Company B had 3/4-inch spot spacings,-But included
two sets of samples, one of 0.040-inch, and one of 0.025-
inch 248~-T alclad.

The preparations for spot welding end tkhe welding con-
ditlonm, as furnished by the respective companles, are
g€iven in table b.

Spot welde from varlous untested samples hawve been
sectioned and exemined in the manner descrlbed in the pre-
ceding part of this report. The structural dimensions &f
individual spot welds of samples from Compary A, of gamples
from Company B, and of corresponding samples welded at the
Renpselaer Polytechnic Institute (reference 1, part I) are
given 1n table 6. The results of statlic tensile tests on
various samples are also included in this tabls.

In general, the R.P.I. welds are flat and continue
the maximum weld penetration nearly to the weld extremislec
ties. In slze and static strength, they are between the
Company A welds and the Company B welds.

Welds from Company B are the largest and have the
highest static atrength. On the other hand, thess welds
have an uneven perimeter so that they teper down at the
weld extremities. Figure 9 illustrates this.

Welds from Company A are shortest and are the lowest
in static strength. The spots are rounded, especlally
on the side of maximum indentation, so that the welds are
offset on this éide. Tranasverse cracking was found on
several spots from samples with 3/4-inch weld spacing.
Illustrations are given in figure 10,




Micro-hardneses studies show that, although the width
of the dendritic area varies, the hardness of thils zone
is relatively constant (109 + 2 Vickere). However, the
center-equiaxed reglon ia softer when there 1s a wide band
of dendrites (as in the spot welds from Company A). The
Yickers hardnesses of the sheet material are: for R.P.I.
samples, 132; for Coupany B sauples, 138; for Company 4
samples, 1l142.

Fatlgue Tests

Patigue tests were run as described for other lap-
joint samples. Fallure corresponded to a drop in load of
about 300 pounds. This drop was usually sudden snd waa
such that, when the load was restored, the sample would
hold the restored lead for but a few cyclsas.

The results of fatigue tests on samples spot-welded
at Company A are given in tebles 7 and 8. Test results
for samples from Coppeny B are recorded in tablee '9 and® Q.

Load-1ife curvea plotted from the datm in tables 7, 8,
9, and 10 are showan 4in figures 11, 12, and 13. In each
case, maxlmum loed in pounds per inch of Joint 1s plotted
agalnst the number of cycles to failure.

Examinetloa of Fellures

Fetigue cracks were located in the same region ian all
of the welds examlned. Faliure started at the protrusion
of the alclad into the weld. However, the area surrouné-
ing the starting point and through which the cracks prop-
agated had different structurel pronerties in the different
types of welds.

In the R.P.I. welds, each svot was of relatively even
penetration along 1ts diameter and the internal alclad
penetrated well into the spot. Accordingly, the fatigue
crack propagated through the dendritic region of the weld.

In the commercial spot welds, the penetration was not
80 even along a dismeter. In general, the cross section
perpendicular to the sheet showed a tapering of the weld
at each end. Moreover, for these welds, the intsrnal al-
clad d1d not protrude far into the spot. Consequently,
the fatigue crack did rot propagate far through the den-
dritic structure. Sometimes it even followed the outer



perimeter of the weld. Figures 14 and 15 illuastrate
fatigue fallures in welds made by Company A and in welds
mad.e by company :B.

In the investigation of the R.P.I. spot-welded sam-
ples (see reference 1), there seemed to be some corrélas
tlon between percent penetration and fatlgue strength.
For the commercial welds, no such correlation has been
found. It 1s not surprising that penetration measured at
the center of a tapered and/or offset weld should have
little correlation with fatlgue failurea which occur at
the extremit; of the weld.

Micro-hardness values are shown in flgure 16. Theasae
show two general results. DTlret, the protrusion of the
alclad where fallure starts 1s the softest region in the
area of failure. Second, there i1s no drastic hardness
gradlent between the demAritlc reglon and the heated area
gurrounding the weld button.

Two factors which geemed to bear a relation to the
fatigue strength were (1) extent of the alclad protrusion
into the weld and (2) the amount of spot offset. Generally,
the greatest alclad protruslon and the least offset corre-
lated with higher fatigue life.

Discussion of Results and Conclusions

Flgure 17 shows comparlsons of fatizue estrengths of
lap-joint samples of 0.040-inch sheet wlth spot welds
(spaced 3/4 in. apart) made by different companies. The
curves are plotted for a load ratlo of 0.25. Appaerently
the R.P.I. welds are strongest in fatigue. Samples welded
by Gompany A (weakest in static tests) and samples welded
by Company B (etrongest in static tests) are both about
12 percent weaker than samples from R.P.I. up to lifetimes
of 1,000,000 cycles. At 5,000,000, the welds from Company
B are about 22 percent and welds from Company A about 35
percent weaker than welde from R.P.I.

Another way of looklng at these results is indicated
in flgure 18 in which ratios of statlc ultimate atrength
to fatigue strength are plotted againet the number of
cycleas to fallure. TUp to 1,000,000 cycles, welds from
Company B appear more fatlgue sensltlive and welds from
Company A less fatigue sengitive than welds from R.P.I.
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Figure 19 ehows a comparison of resulte on samples
from Company A to results on samples from R.P.I. for a
sheet thickness of 0.040 inch and a spot spacing of 1%}
inch. Here 1t mseems generally true that samples from
BR.P.I. are gtronger in both static tests and fatigue -
testsn.

Figure 20 compares results on samples from Company
B to results on samples from R.P.I. for 0.035-1inch sheet
with epot welds 3/4 inch apart. Samples from Company B,
although slightly stronger in static tests, are weaker in
fatlgue.

In sumrary, the followlng conclusions may be drawa
from comparisons of the results on various spot—welded
lap-Jjoint samples: .

l. The apot welds from different comparies differ
congliderably 1n shape and this difference ir shape, ceus-
ing a difference in stress concentretion, may be as lmpor-
tant as variation in structurs 1in affecting fatigue fallure.

2. There was a spread of 35 percent in the fatigue
strengths of differently epot-welded lep-jolnt samples.

3. The variation in fatligue strengths had no simple
correlation with the varlation 1n static strengths. In
fact, some samples, having higher statlic strengths than
others, had lower fatigue etrengths.

III. LAP-JOINT SAMPLES WITH WIEE STAFLES

Teast Pleces and Static Tests

A fow test samples of 0.040-inch 245-T alclad were
made of pleces etltched together with steel wilre staples.
Fach test plece consisted of two sheets each 5 inches wide
by 9 inches long. The amount of overlap vaerled from 0O to
1l irnch, the number of staples varied from 4 to 12, and
several stltch patterns were used. The 8 types of Joint
tested are indicated in the sketch of figure 21. Figure
214 1s a photograph of the four strongest types of sestitch-
ing.

The following information concernling the stitched
gamples was furnlghed by the makers:
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(a) The wire used is 290,000 pounds per square inch
tensile carbon steel 0.047 1inch in dlameter
with a 0.003-inch hot-dipped zinc coating.

(b) The average proportional limit per staple is
186 pounds.

(¢c) The average ultimate strength per staple is 560
pounds in the case of groups E, ¥, G, and H,
and 18 480 pounds for groups A and B.

4 static test was run at Battelle on one sample of
each type. Tailure in the static test was either by
pulling open the staplea or by shear of the staple wires
at the sharply bent corners. The static test resmlts are
€iven in teble 1l.

FPatigue Tests

Table 12 gives the results of fatigue tests at a lomd
ratlio of 0.25 on the stitched samples. TFigure 22 shows
load-1ife curves plotted from these data and, for compari-
son, a curve for 0.040-inch lap~Jjoint samples with spot
woelds made at the Rensselaer Polytechnlc Institute and
spaced 3/8 inch apart.

Apparently, stitched samples of types A, C, H, and @
have higher fatlgue strengths than the spot-welded semples.
8tltched samples of types B, D, E, and ¥ have low fatlgue
strengtha. It may be noted that types high in fatigue
strength had from 8 to 12 staples. Those of lqw strength
had 4 ateples per Jjoint except for type D which alone was
characterized by having no overlap.

While the results indicate that many of the stitched
samples were astronger in fatigue than the spot-welded test
Pleces, 1t ghould be polnted out that data on multiple
rows of spots have not yet been obtalned; moreover, no
data bave been obtained on the possibility that etitched
Joints might loosen under bending stresses. Other factors
in the comparison, such as corrosion effects, should also
be investigated before attempting to come to final conclu-
glons regarding the relative merits of stitched and apot-
welded Jointa.
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IV. STIFFENED PANXILS WITH 2-INCH SPOT SPACING

Materlals, Test Pleces, and Statilc Tests

Compresslion fatlgue tests have been run on spot-welded
stliffened panel samples. Each test plece conslsted of a
panel of 24S5-T alclad 0.032-inch thick by 44-1inches wide
by 15.88 inches long fastened with two rows of spot welds
to Curtiss-Wright S$5-112-32 hat-shape stringer sections.
The stringer sections were made of 0.032-4inch 245-T alclad.

A photograph of a2 stiffened panel test plece of this
kind is shown in figure 27. A dlagrem of the stiffener sec-
tion is given in refseromnce 1, figure 16. The sheet material
used was tested suffloclently to lnsure that it had normal
properties. (See reference 1, table 12))

Along each row of welds, the spote ware spaced 2 ineh-
eés- . between centeras except near the ends whers spots were
located 1/8 inch, 5/8 imch, and 1} inches from each end.
The spot welding waa done st the Rensselaer Polytechnic
"Inatitute and thelr information on weldiug conditions 1is
g€lven in table 13. The welds were sound and were about
the same slze and shape as in other 0.032-inch stiffened-
panel-test pieces. ¥igure 33, (a,b) showa welds sectioned
from untested samples.

Static compression tests were taken on the stiffened-
penel samples. For those wlth the 2-inch spot spmcing,
the buckling stress was low (5720 1b/sq in.) compared to
the values (9630) previously reported for semples with 3/4-
inch and for samplea with lg-inch epot spacings. The
crippling stress (at which the column collapsed) was 26,100
pounds per square inch for esamples with a 2-inch spot spac-
ing, but was 27,100 pounds per square inch for the 1%3-1inch
spacing and 29,500 pourds per square inch for the 3/4-1nch
spaclng. Streas strain curves were ildentical for the three
spaclings. ’

Fatligue Tests

Details of preparing, loadlng, and checking samples

in the compresslon fatigue tests are recorded in appendilx 2
of reference 1. Attempts were made to obtain axlal loading
and the ende were fixed. The complete separatlon of pansl
from gtlffener at any one weld was taken as a eriterion of
failure. This usually caused a drop in load considerably
greater than the 30 pounds to which the cut—-off mechanism
would respond.
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At high loads welds pulled loose wlthout evidence of
fatlgue cracking, but at low loads fallure was preceded
by e horizontal crack spreading across the width of the
panel. Photomacrographs of failed spot welds.are. shown
in figure 23 (c,d). Fatigue cracks often occurred outside
the weld button in the sheet itself or in the heat-affected
area around the weld slug.

The bdbuckling in fatigue tests ococurred in ridges acroas
the width of the panel between spot welde. This type of
buckliling pattern was not observed for panels with closer
spaced spot welds except at high loads in static tests.

The fatigue data for the panels with 2-inch spaced
sapot welds are given in table 14. load-life curves plotted
from these date are shown in figure 24. Enough samples
were avallable to obtaln soms data for load ratios of 0.50
and 0.76 as well as for the ratio 0.25 at which data for
other panel sections had been previously obtalned. Dats
for the higher load ratios do not appear to offer any unex-
pected results.

Digcusslon of Results and Conclusions

Lord-11fe curves for 0.032-inch stiffened pamels with
different spot sespaclings are skown in figure 25. Curves
for 3/4— and for li-inch spot spaclngs are taker from ref-
erence 1 (filgs. 20 and 21). It is apparent that panels
wlth the 2-inch spot spacing have lower fatlgue strengths
than panels with closer spot spaclngs.

Flgure 26 shows fatligue strengths plotted against spot
apaclng for verious lifetimes. The ordinates are loads
divided by the cross—section area of stiffener plus panel.
This filgure ehowse clearly a decrease 1ln crippling stress
and the greater rate of decrease in fatligue astrength with
increase in spot spacing. Tor the 2-1lnch spacing, the
fatigue strengths at different lifetimes mre guite near in
value to the stress at which the panel bucklss under static
compresslion.

Conclusions from these tests on stiffensd panels are:

l. The static crippling streass decresses as the snot
spacing 1s increased from 3/4 inch to 2 inches. The stress
at which the panel buckles decreases as ths apot spacing
is increased from 1% inchesctd 3 -inches.
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2. The fatigue strength (for a given load ratilo and
to fallure at a given lifetime) decreases as much as 50
percent as the spot spacing is increased from 3/4 inch to
2 inches.

3. There appears no simple correlation between the
rate of decrease of fatigue strengtn witn increasing epot
spacing and the corresponding rate of decrease of static
strength.

V. STIYFENED PANELS WITH HEAT-CRACKED WELDS

Materials, Tesat Pieces, and Static Tests

The sheet materlal used for the test pleces to be dis-
cugsged has been found to have normal properties for 24S-T
alclad. (See reference.l, appendix 1.) Panels wers 4% ineh-
s8° wide by 15.88 inches long and were of three thicknesses,
0.025, 0.032, and 0.040 inch. Stiffeners were Curtiss-Wright
§5-112-32 and were maede of 0.032-1inch 24S-T alclad. Panels
were fastened to stiffenere by two rowe of apot welds. One
set of samples had weldes 3/4 inech apart except near each end
where spots were 1/8 inch, 65/8 inch, end 13 inches from the
end. Another gset had spots 1} inches mpart except near the
ends vwhere they were apaced as above. A photograph of a
typical test piece is shown in figure 27. .

Spot welding was done at the Rensselaer Polytechnic
Institute and welds wore purposely overheated to produce
hpat cracking. The welding condltlions are given in table 15.

Statlc compression tests were made for each type of
sample and the values are glven in table 16. The buckling
stress quoted 1s the load value, at which dbuckling of the
panel wae first vislble, divided by the total cross-
section area of stiffener plus panel. The crippling stress
1s the load at crippling divided by the total cross-
section area. The valuee for buckling strese and those
for erippling stress for the samples with cracked welds
agree vell with values for corresnonding sanples wlth sound
wolds. (See reference 1, tabdle 14.) Stress-straln curves
for sanples with cracked wslds are identical with those
reported for sound welds (reference 1, figse. 18 and 19) and
are accordingly not reporduced in this reporst.
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Examination of the Overheated Welds

Photographs of sectioned spot welds are shown in fig-
ures 28 to 31. In Zeneral, welds sectioned longitudinally
or parallel to the longest dimension were longer than those
sectioned transversely, However, thlp difference wassless
than that found previously for sound welds. In some cases,
welds from samples with 3/4-inch spot .spacing were larger than ..
welds from samples with 1li - inch spacing, but there was no
great varlation of weld size wlth aspacling. Transverse
cracks were found in moat of the spot welds. The intenslty
of cracking varled quite widely among the specimen groups.

The welds were smalleet and had the least penetration
for samples with 0.025-inch sheet. (See fig. 31.) Welds
from these samples varied conslderably in sigze and included
many eound welds.

Heat cracking was heaviest in gpots from the 0.032-
inch panels. (See figs. 28 and 29.) These welds were
quite uniform in esize and in amount of crackling. The slze
wag nearly the same as for sound welds 1ln previous tests.

There was conslderable variation in slze, penstration,
and amount of cracking for welde in the 0.040-inch panels.
For these, penetratlion wae often extreme. In asoxe cases,
the weld slug had melted clear through to the external dl-
clad, leaving meny small checks and blow holes in the weld
center. (See fig. 30.)

Fatigue Testsa

Tatigune tests were run in the same manner as for pre-
viously reported groups of stlffened panel samples. The
crlterion of failure was kept ae the complete release of
panel from etiffener at any single-spot weld. At high
loads, this fallure was a sudden pulling out of the weld
button and caused sufficlent drop in load to actuate the
cut-off mechanism (which was sensitive to about 30 1b).
4t lower loads, the situation was more complicated. The

* total drop in load during the lifetime of a sample was
usually less than 60 pounds and this drop was rather grad-
ual, The cut~off mechanism would stop the machlne bdbut 1t
was not always true that such stopping impllied the completse
failure of any weld. Consequently a frequent inapectlon
was needed despite the improved cut—-off arrangement.
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At low loads, several vlsible phenomena preceded
failure. There were often longitudinal cracks (i.e.,
cracks through welds along a line of spots) which became
severe enough to free the panel from the atiffener on one
slde of the crack. Such cracks often occurred a long time
before final failure and were not observed to correlate inm
any way with finel failure. At a later time in the life
of any one semple, there might appear horigontal cracks
extending in a direction perpendicular to the axis of
loading. Such cracks seemed to bhave their origin in the
heat cracks originally in the weld. In general, these
cracks had little correlation with position or time of
occurrence of final failure.

The fatlgue data are given in tables 17 and 18, and
load-1l1ife curves plotted from thege deta are shown in fig-
ures 32 and 33.

Examination of Failure.

The actual failure of the welds took place in much
the same manner as happened for sound welds in stiffened~-
panel samples. Fallure started at the inner alclad pro-
trugsion and a crack propagated either into the weld slug
parallel to the faying surface, directly outward toward
the external alclad, or around the weld button in the af-
fected area. The type of failura seemed to depend upor
the types of streess acting on the particular weld; gener-
ally, more than one type of cracking was present. Varilous
examples are lllustrated in figures 28 to 31.

For these overheated welds, especially in the heavier
gage stock, fallure apreared rather frequently 1ian the sheet
material. These cracksa generally appeared next to the weld
in the 0.032-4inch stock (see fig. 28 (c,d)) and appeared
running through the weld center in & curving patteran in the
0.040~inch stock. (See fig. 30.)

There was no evidence of sample fallure caused by
transverse welding cracks for the 0.25-inch or for the 0.32-
inch sheet. However, in the 0.040-inch panels, cracks ap-
peared through the weld (see fig. 30) with each button sep-
arating through the welding cracks. These cases represent
sovere overheatlng with resulting wldespread crackiling to
each surface as well as excessive weld penetration (even
to the external alclad). In most cases, welding cracks
appeared to be extended by cyclic loading but only for the
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severely overheated spots 1in 0.040-inch sheet did such
cracks appear to cause final spot fallure.

¥With meny or. large welding cracks, conslderadle dis-
ruption of the weld structure occurred under the action
of the fatigue streasasea. The action ssemed to be one of
wearing away, by vibration of adjacent areas, consldera-
bid portions of weld material around the cracka. This 1sa
shown in figures 28 and 29.

In general, transverss welding cracks in individual
spota did not geem to affect drastically the strength -
elther static or fatlgue. The damage caused within badly
cracked welds may, however, have other detrimental effects
since 1t would open the center of the weld to the atmosvhere.

Discusslion of Results and Conclusions

Stiffened panels of 0.032-inch stock ssem to afford
the best analysis of the effect of welding cracks on fatigue
strengtha since, for this thickness, the cracked welds were
of the same dimensions as sound welds in samples previously
tested. Flgure 35 shows fatigue curvees for sound-weld
samples of 0.032-inch panelas (taken from reference 1, figs.
20 and 21) and for cracked-weld samples of 0.032-inch panels
(teken from figs. 32 and 33) of this report. It ia clear
that, for these teats, cracked welds have higher fatlgue
strengths than sound welds. Similar comparisons for the
other sheet thicknesses tested show that the cracked-weld
samples are, in general, stronger than sound-weld gsamples.
Semples of 0.040-inch stock do not show so great mn increase
in etrength as might be expected to correspond to the large
size of the cracked welds. (See fig. 36.) It seems prod~
able that, in this cese, the excesasive heat crackilng wasa
harmful. Curves for samples of 0.02b6-inch stock are shown
in figure 34. Here the gmall difference between curves for
sound and for cracked-weld samples 1s compatible with the
relatively smell amount of cracking observed. It should
aleo be remembered that welds in this 0.025-1nch astock
varied greatly in dimension.

Figure 37 shows strength (total load divided by totel
cross section of stiffener plus panel) plotted agalnst
sheet thickness. 48 in the similar graph (reference 1,
fig. 22) for sound weld samples, the fatigue strength for
congtant l1ife seems to be following the buckling stress
rather then the orippling stress. The greater curvature
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of the cracked-weld fatigue-strength curves may be attri-
buted to the variation in weld guality in the 0.025~ and
.the 0.040-inch panels.

In summary, the following conclusions may be drawn
from comparison of the preesent tests on cracked-weld samples
with previous tests on sound-weld samples:

l. Transverse cracks from overheating did not, in
general, incept fatigue crecks leading to fallurs.

) 2. In general, the cracked-weld samples were stronger
in both static and fatigue tests than corresponding sound-
weld samples.

Battelle Memorial Institute,
¢tvlumbus, Ohie, June 1, 1943.
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TABLE 1
SPOT-WBLDING CONDITEONS FOR 0.040~INCH LAP-JOINT SAMPLES
WITH 3/8-1NCHE WBLD SPACING

1. Data furnished by the Rensselaer Polytechnic Institute

2. Surface treatment:
Paint removal and degreasing: Navy 8pec. C~67-C

Removing oxide: R.P.I. solution 10

3. Spot welding:

Secondary Current

Peak value Time in milliseconds®

Elactrode Tips

(amps.) To peak Total Upper Lower
26,000 16.4 73.0 4 in. rad dome 4 in. rad dome

Electrode Pressure

Ieldin% pgesauro Maximum value Time ggom4235;_gg;;_g&_lg_millilgggng1

(1v) To atart

€00 1800 16,7 38.8

*Total time from start of welding current until decay to
10 percent of peak value.
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TABLE 2.—STATIC TESTS ON 0.040-INCH LAP-JOINT SAMPLES

YITH 3/8-INCH SPOT SPACING

Sample Teated by Total load Load
(1v) (1v/1n. of Joint (1b/spot)

Single spot R.P.I. 432 - 432
Test coupon
145 (11) Battelle 3340 668 304
143 (11) ~==do~~= 3480 696 316

TABLE 3.- DIMENSIONS AND PROPERTIES OF SPOT WELDS
(0.040-1in. sheet - 3/8-in. weld spacing made at R.P.I.)

Dimensions Hardness (Vickers)
Diametﬁr. 1nch - ' . . 0-160 248-T Bh..t - . * . 132
Penetration, percent . . 556 Area around weld. . . 120
Indentation, inch. . . 0.004 Dendritic region. . . 1l2
Maximum offset, inch . 0.010 Center of weld. . . . 105
Maximom width of
dendritic szone, inch . 0.010

Note: Hardness values within
constant except when porosity
present in center zone with co

any one area held very
or incipient cracking wase
nsequent low hardness.
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TABLE 4. FATIGUE DATA FOR LAP JOINT SAMPLES OF 0.040" ALCLAD 24S-T
WITH 11 SPOT WELDS SPACED 3/8" APART

———

mm— -

Sample Maximum Load Cycles to Failure Type of Break
Numbar Total Lbs./in. Lbs. per
lbs., of Joint Spot

Ratio .25

1A22(11§ 2200 440 200 18,600 Pulled buttons.
1430(11 2100 420 191 26,300

1429(11) 1570 314 143 77,400 Fatigue cracks.
1428(11) 1155 231 105 475,400

1A19(11) 1122 224 102 387,800

1A25(11) 890 178 81 1,902,600 Fatigue cracks.
1A21(11) 840 168 76.5 2,610,000 " "
1A10(11) 820 164 74.5 1,497,400 " "
149(11) 792 158 72 >9,903,600 " "
Reload 1735 347 191 25,000

Ratio .50

1A13(11) 2820 564 257 4,600 Shear.

1424(11) 2360 472 214 4,100 "

1a12(11) 2060 412 187 90,200 Fatigue cracks.
1A27(11) 1770 354 161 163,500 " "
1A14(11) 1530 306 139 262,100 " "
1A26(11) 1300 260 118 521,200 " "
1A23(11) 1120 224 102 703,800 o "
1420(11) 946 189 86 2,807,500 " "
1A17(11) 990 198 90 1,284,100 " "
Ratio .75

1A15(11) 2840 568 258 181,700 Fatigue oracks.
1a8(11) 2730 546 248 217,200 " "
1A11(11) 2820 564 257 179,100 " "
1A7(11) 2310 462 210 582,400 n "
1A1(11) 2180 436 198 564,700 " "
144(11) 2002 400 182 882,300 " "
1A16(11) 1570 314 143 1,880,200 " "

1a2(11) 1365 273 124 >9,576,000 Did not fail.
.Reload 2100 420 191 327,800 Fatigue craﬁks.

L]

1A6(11) 1410 282 128 3,485,100




TABLE 5.

SURFACE PREPARATION AND WELDING CONDITIONS FOR LAP JOINT SAMPLES

2e

(a) Semples from Compeny A

Surface Treatment Machine Date Test Semple Strength
Solution Time Temp. Welding Set-up DeC. “Electrodes Spot’ Spacing
Cleaner Diversey 5 min. 212°F Precomp. Press 60 Make- Sciaky (Mallory #3) 13" 3/a"
Rinse Water 1 mine 40°F Weld. Press 60 Model- PMCO2S Upper:
. 2" 2" radius
Etch Diversey 6 min. 180°F Recompe Press 60 Number- 1135(14) 4704/spot 460§/ spot
Rinse Water 1 min. 40°F D.C. Volts 110 Throat size- 33" lLower:
3" 6" radius
Dry Compe Air D.C. Amps. 220
Coolant water tempereture 40°F. Flow rate- 3 gal. per minute.
BRRABRR AR AR AR RRE R
(b) Samples from Company B
Etching Time Electrodes
Thickness in 4% HF Sol. Weld Forge Current Switch Pre-comp. DBC Re-comp. hppl. Blks. Upper lower
0.025 26 sec. 40 40 176 Yes 8 8 Vari. 3" face  7/8" face
3" R 10" R
0.040 45 sece 50 50 240 Yes 10 10 Vari. i" face  7/8" face
3" R 10" R

Used Research

Sciaky Machine.

VOVN



TABLE 6. STRUCTURAL DETAILS OF SPOT WELDS FROM VARIOUS COMPANIES

Manufacturer Description of Semple Static Breaking load Button Dia. Max.Pen. Maximum Nax. Remarks

in Lbs./ Spot Inches of Spot Indentation Offset

% Inches Inches
Re Pe Ie 0.040%- 13" spacing 605 ¥ 5 04220 50 0.002 04002
Re Fo Ie 0.040"- 3/4" spaocing 595 ¥ 5 0.215 50 0.002 0.002
Re Po I 0.025" « 14" spacing 335 ¥ 2 0.145~0.150 44 neg. neg.
Re Po Io . 0.025" - 3/4" spacing 312 25 0.140-0.150 38 neg. neg.
Company B 0.026% = 3/4" specing 326 ¥ 5 0.145-0.155 40-60  0.003 0.005  Peanut shaped.
Company B 0.040" - 3/4" spacing 615 ¥ 1 0.220-0.240 60+70 0.005 0.004 Peanut shaped.
Company & 0.040" - 3/4" spacing 479 ¥ 10 0.180-0.190 75-80 0.008 0.008 Some trgnsverse
cracking.

Company A 0.040" - 1% spacing 522 ¥ 10 0+190-0.200 65=70 - 0.004 0.005

VYIOVN

g2
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NACA
TABLE 7. FATIGUE DATA ON LAP JOINT SAMPLES SPOT WELDED BY COMPANY A
0.040" ALCLAD 245-T WITE 4 SPOT WELDS SPACED 1-1/4" APART
Sample Maximum Load Cycles to Fallure Type of Break

Number  Total Ibs./in. LDbs.per
lbs. of Joint Spot

Ratio .25

A-4(4) 1144 229 286 23,400 Pulled button and
fatigue oracks.

A=12(4) 916 183 229 52,900 Shear all welds.

A-6(4) 800 160 200 331,000 Fatigue cracks.

A-5(4) 668 133 167 622,700

A=13(4) 532 106 133 699,700 Fatigue cracks.

A-15(4) 456 91 114 2,555,500 " "

Ratio 50

A-14(4) 1712 343 428 4,500 Shear

A-9(4) 1144 229 286 276,000 Fatigue cracks.

A~10(4) 764 152 191 1,768,400

Ratio .75

A=8(4) 1528 305 382 274,400 Fatigue cracks.

A-7(4) 1144 228 286 1,124,900 " "

A-11(4) 856 171 214 6,343,500 " "

TABLE 8. FATIGUE DATA ON LAP JQINT SAMPLES SPOT WELDED BY COMPANY A
0.040" ALCLAD 24S-T WITH 6 SPOT WELDS SPACED 3/4" APART

Sample Maximum Load
Number Total Lbs./in. Lbs.per Cyoles to Failure Type of Break
lbs. of Joint Spot

Ratio .25

A-1346) 1716 343 286 6,100 Sheer

A-14(8) 1488 298 248 28,400 "

A=5(6) 1260 252 210 86,200 Fatigue cracks.
A-4(86) 1002 200 167 229,900 " "
A-6(6) 744 149 124 771,100 Fatigue cracks.
A-7(8) 573 114 95.5 1,554,700 " "
A4-8(8) 579 116 96,5 1,592,500 " "
A-9(8) 546 109 91 2,785,700 " "
A=15(8) 513 102 85.5 2,842,400 n "
Ratio .75

A-11(6) 2568 513 428 19,300 Shear

A4-12(8) 1716 343 286 710,000 Pullet button and

fatigue cracks.
A-10(6) 1440 288 240 1,250,000 Fatigue cracks.
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TABLE 8. FATIGUE DATA ON LAP JOINT SAMPLES, SPOT WELDED BY COMPANY B
0.026" ALCLAD 24S-T WITH 6 SPOT WELDS SPACED 3/4" APARY

Sample Maximum Load Cycles to.Flilure Type of Break
Nﬂmbbr Tﬂll Lb‘ . De LB. -/
ibs. of Joint S§pot

Ratio .26

Bl-4(6)  BS8 in 143 4,100 Shear

B1-8(6) T44 149 124 119,300 Fatigue eracks.
B1-6(8) 684 139 114 207,800 " s
Bl-5(6) 570 114 95 178,900 " "
B1-10(6) 552 110 92 584,600 " "
Bl-15(6) 480 96 80 798,400 " "
B1-16(6) 417 83 €9.5 1,003,100 Pulled buttons & shear.
Bl-17(6) 384 7 64 1,883,400

B1-18(6) 348 70 58 2,085,800 Fatigue cracks.
Ratio .50

B1-13(6) 960 192 160 81,600 Fatigue oracks.
BI-ll(G) 684 137 114 596,300 " "
B1-12(6) 543 108 90.5 1,668,100 " "
Ratio .76

Bl-14(8) 9860 192 160 156,600 FPatigue cracks.

TABLE 10, FATIGUE DATA ON LAP JOINT SAMPLES SPOT WELDED BY COMPANY B
0.040" ALCLAD 24S-T WITH 6 SPOTWELDS SPACED 3/4" APART

Sampls Maximum Load ‘Cycles to Failure Type of Break
Number Totel Lbs./in. Lbs./
lbs. of Joint Spot
Ratio .25
B-1(6) 1926 385 321 11,500
B~2(6) 1764 353 294 18,400
B-3(6) 1440 288 240 62,800
B-4(6) 1218 244 203 158,700
B-13(6) 1056 211 176 265,400
B~5(8) 900 180 150 438,600 Fatigue cracks.
B-6(6) 768 154 128 834,500 " "
B=7(86) 642 128 107 1,901,600
B-11(86) 516 103 86 >10,103,100
Reload 918 183 153 770,700 Fatigue cracks.
B-10(6) 546 109 91 >10,775,200 Did not fail.
Ratio .75
" B~15(6) 2562 512 427 97,900 Pulled buttons.
B~9(6) 1920 384 320 571,400 Fatigue cr&cka.
"

B-12(6) 1446 289 241 2.543,200
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TABLE 1l STATIC TESTS ON STITCHED SAMPLES

Sample type eaking load ecified a
and number (1) (1v/in.) (1v/staple) ilb?-taplog

A-2 3800 760
B-2 1960 390
-1 4360 872
D-1 2250 450
E-1 1920 384
-1 2000 400
G-2 3900 780
B-1 5860 1170

476
487
484
140
480
600
487
487

480
480

560
560
660
660

TABLE 13~-- WELDING CONDITIONS FOR STIFFENED PANEL SAMPLES
WITH 2-INCE SPOT-WELD SPACING

Secondary Current

Electrode Tips

Gage Peak value Time in milliseconds
(in.) (amps.) To peak Total Upper  Lower
0.032 ipch sx ,000 16.4 73.0  23inch dome 5/16
0.032 incn pr 2°0*9° tinch dome 5/16 imchXIp®
Electrode Preggure
Welding _ ____ Forgifig Presspire Surface Treatment
pressure Maximum Time from peak curent Paint removing JRemoving oxide
(1b) value in millisegonds and degreasing
(1v) Po start To maximum
600 1800 16.7 28.8 Navy Spec. R.P.I. solu-
C-67-C tion 10
Shear Strength Single Spot emarks

Specimen

~1p)

432 5 eracked welds. Others sound.




NACA TABLE 12, FATIGUE DATA ON LAP JOINT SAMFLES OF 0.040" ALCLAD 248-T 2.'7
JOINTED BY STEEL WIRE STAFLES
Sample Maximum Load* Cycles %o Type of Failure
- ‘Number Total 1Ibs./In. 1bs./Staple Failure
lbs.

o A=l 3200 840 400 3,600 Sheared staples,
A=3 2140 428 268 61,600 " "
A-4 1800 320 200 210,700 Sheared & pullod staples.
B-1 1020 210 255 70,600 Sheared staples.
B=-3 855 171 214 352,600 " "
B=4 760 150 188 1,408,900 " "
c=-2 3200 640 366 21,300 Cracked aoross sheet.
C=3 2140 428 227 174,600 " " "
C=4 1870 374 207 383,600 " " "
D-3** 1280 266 80 8,600 Sheared & pulled staples.
D=4 855 171 53 28,100 Pulled staples.
BE-2 1070 214 268 93,700 Cracked to edge of lap.
E=3 964 192 241 102,200 " " vo. "
B=4 1.1 17 214 309,800 " wonoonon
F=5 1500 300 375 18,200 Sheared staples.
F=3 1280 258 320 62,800 " "
F=2 1070 214 268 226,000 " "
F=4 910 182 228 349,600 " "
F=8 770 154 193 987,100 Crecked aoross sheet.
G=1 3200 640 400 6,400 Cracked across sheet.
G=3 2038 407 255 60,200 " " "
G-4 1600 320 200 313,800 gl " "
B=2 3840 768 320 14,925 Cracked in sheet.
H-8 2680 536 223 54,700 " " "
R4 3250 450 187 97,600 " " "

*411 tests run at ReMin. load/max. load =0.26.

**3amples of Type D had tero over-lap.
COMPRESSION FATIGUE RESULTS ON 0.032" ALCLAD 24S~T

TABLE 14.

STIFFENED PANELS, SPOT WELDS SPACED 2" APART

Ratio min. stress
max, stress

Sample Max. Load Cycles to Failure Type of Bresk
(1bs.)

Ratio .26

0=-13 3400 5,500 Weld pulled.

0= 9 3000 9,900 " "

0-18 2400 81,300 " "

o= 2 2300 97,000 " "

0-15 2100 3,939,100 Cracks through welds.

0-20 2000 8,016,400 " " "

Ratio .50

0-14 4000 4,800 Weld pulled.

O= 4 3400 12,900 " "

0=-11 3000 618,000 " "

0=19 2800 169,300 " "

O- 8 2300 4,571,100 " "

Ratio .76

0=1 6000 21,500 Weld pulled,

0=7 5600 362,600 Two welds pulled.

0-3 5000 1,802,800 Weld pulled.

0-6 4000 2,931,300 " "

0-12 3800 4,662,100 Cracks on welds,




TABLE 16. STATIC COMPRESSION TESTS ON STIFFENED PANELS (Overheated Spot Welds)
Panel Thickness Weld Area® 4w Areas* Average Average Crippling Crippling Crippling
(Inches) Spacing A (In.) A' Buckling Buckling Load Stress Stress
(In.) (8q.1n.) (Sq+Ine) load Stress  Pp(Lbs.)  Py/h Po/A*
(Lbs.) P/a
0.025 75 0275 1.436 .198 1,650 6,000 8,650 31,500 43,700
0,025 1.25 «275 1.436 .198 1,700 6,200 8,175 29,800 41,300
0.032 75 «306 1.84 221 3,000 9,800 9,000 29,500 40,700
0.032 1.25 «306 1,84 221 2,850 9,300 8,550 28,000 38,700
0.040 «76 o342 2.30 «254 3,300 9,650 9,650 28,200 38,000
0.040 1.25 «342 2430 «254 4,000 11,700 8,600 25,300 34,000
* Total area of stiffener plus panel.
> Area of stiffener plus an effective area for the panel.
TABLE 15. WELDING CONDITIONS FOR STIFFENED PANEL SAMPIES WITH HEAT CRACKED WELDS
Gage Secondary Current?® Electrode Tips Electrode Pressure Surface Treatment Shear Strength
Inches® TPoak Value Time in Milllsgoe Upper Lower Welding Mex. Forging Pressure Paint Romov~ Single-Spot
AmMPS « To Peak Totalg Pressure Value Time from Peak Remov~ ing Specimen
Lbs. Lbse Current in ing & Oxide Lbse.
Milliseconds Degreas-
To Start To Max. ing.
032"%sr 37,800 15.9 59.1 23 5/16"N0® 800 - - = Navy Spea R.P.I. 590
.040"pl Dome Flat C=67-C Sol.#10
Remarks: One sound weld, others crackeda
.032"sr 26,600 14.8 60.9 25" 5/16"No* 600 - - - Navy Spec. R.P.I. 410
.026%p1 Dome  Flat C-67-C Sol.#10
Remarks: 108 sound welds, others cracked.
.032%sr 37,200 17 57 22" 5/16™° 800 - - - Navy Spece R.P.I. 534
.032"p1 Dome Flat C~67-C Sol.410
Remarks: All welds cracked.

lrotal time from start of welding current until decay to 10% of peak value.

2Condenser discharge type of wslder.

3Stringer = 8r

Panel

apl

82

VIVN
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TABLE 18, COMPRESSION PATIGUE DATA.ON ALCLAD 24S-T STIFFENED PANELS >

WITH CRACKED SPOT WELDS SPACED 1-1/4" APART 2 ’

o

TABLE 17. COMPRSSSION FATIGUE DATA ON ALCLAD 245-T STIFFENED PANELS
WITH CRACKED SPOT WELDS 3/49 APART

R = min, stress = .25

R = min, stress = .25 mex, stress

max. streess

Sample Maximum Load Cycles to Failure Sample ' uu(tibLo;d Cycles to Failure
(1bs.) 8. ]
.040" panel .040" panel
1
. 1
1-2 7200 91,700 d-7 7000 11,500
1-8 6000 691 :100 J-1 6000 270,800
I-10 5000 3,311,000 J-5 5200 671,100
I-1 4800 1,825,700 J-9 4800 934,400,
I-3 4600 5,105,900 J-4 4500 663,500
I-5 4000 >10,040, 300 J-10 4400 896,700
Reload 6000 81,700 J-3 3900 2,109,800
: J-2 3600 5,288,000
+032" pmnel :
E=-6 7200 40,700 .032" panel
E-2 6000
et 5000 512,800 pa2 6000 Loco
1,695,100
E-8 F-9 5200 143,100
4500 1,200,800
E~10 00 F-3 4500 1,035,200
41 1,116,100
- Y eon F-1 3600 2,923,500
- 3500 2,590,400 > 10, 622,000
E-3 3300 >10,611,500 F-8 3400 »622,
025" panel 025" panel .
M-4 5000 : 69,400 N-3 3800 3,600
-~ N-6 3000 40,300
M-9 4400 514,900 ’
M-7 4000 881,800 K-1 2600 428,800
M-10 3200 2,620,000 N-7 2500 26,400
N-1 3000 3,399,600 N-5 2000 > 9,749,800
M-3 2900 2,968,500 ¥ lslelond ;gg 5100 s.gg
M-2 2700 > 000 - »053
8,026, Reload 3000 116,400
i n
o
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NACA | | Fig. 2

Keller's Etch 22084

(a)
Typical welds.

Keller's Etech 22085
10x
(b)

Welds showing variation in size.

Figure 2,

R. P. I. Spot Welds from Untested Lap Joint
Samples of 0,040" Alclad 24S-T with Spots
Spaced 3/8" Apart.




DIMENSIONS

c¢— INDENTATICN
btc — PENETRATION

ZONES

@ EXTERNAL ALCLAD
@ INTERNAL ALCLAD PROTRUSION

b-¢c=OFFSET INTO WELD ZONE
d - DIAMETER @ DENDRITIC REGION

@ CENTER ZONE

® HEAT AFFECTED AREA

® 24s-1 '

— = — e 2
T
b
WSS Em—
e —

FIG.3-SKETCH OF CROSS—SECTION OF SPOTWELD IN 24S-T ALCLAD

SHOWING DIMENSIONS AND STRUCTURAL ZONES REFERRED TO IN TEXT.

VOVN

¢ *31d



NACA

MAXIMUM LOAD IN POUNDS PER INCH OF JOINT.

MAXIMUM LOAD IN POUNDS PER INCH OF JOINT

Fige. 4,8
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FIG. 4=~ FATIGUE CURVES FOR LAP JOINT SAMPLES OF 0.040"

ALCLAD 24S~T,WITH Il SPOTWELDS SPACED%"APART.
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CYCLES TO FAILURE
F1G. 6-FATIGUE CURVES FOR LAP JOINTS SAMPLES OF 0.040" ALCLAD
‘24S-T WITH VARIOUS SPOT SPACINGS.



NACA

Keller's Etch

10X

(a) _
Welds Showing Typical Fatigue Crecke

Keller's Etch 10X
(b)

Two end welds from a failed sample.

Note fatigue crack started in weld shown
at top which did not reach weld at other
end of row.

Figure 5.

Fatigue Failures in Spot Welds from lap Joint Samples
of 0.040" Alclad 24S-T with Spots Spaced 3/8" Apart.

Fig. 5
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Keller's Etoh 22089

(a)
0.025" Sheet
3/4" Spot Spacing

Keller's Etch 22090

(v)
0.040" Sheet
3/4" Spot Spacing

Figure 9.

Spot Welds from Company B (as received).
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NACA . Fig. 10

. . *ﬁ@Wa~"
PES e e R (a)

0.040" Sheet
3/4" Spot Spacing.

Keller's Etch

(b)

0.040" Sheet
14" Spot Spacing

Keller's Etch

10X

Figure 10. .

Spot Welds from Company A (as received).



NACA Figs. 11,12
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FIG. I=FATIGUE CURVES FOR LAP JOINT SAMPLES SPOTWELDED BY
COMPANY A 0.040"ACLAD 24S—T SHEET WITH 4 SPOTWELDS SPACED I:_."APART
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CYCLES TO FAILURE
F1G. 12--FATIGUE CURVES FOR LAP JOINT SAMPLES SPOTWELDED BY
COMPANYAQO40 IN ALCLAD 24 S-T SHEET WITH 6 SPOTWELDS SPACED%"APART.



NACA Figs. 13,17
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CYCLES TO FAILURE

FIG. 13~ FATIGUE CURVES FOR LAP JOINT SAMPLES, SPOT WELDED BY COMPANY B, ALCLAD 24S-T
SHEET WITH 6 SPOT WELDS SPACED 174 IN, APART,
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CYCLES TO FAILURE

FIG. I7T—FATIGUE CURVES FOR LAP JOINT SAMPLES, SPOT WELDED JBY DIFFERENT COMPANIES.
0.040" ALQAD 24S-T WITH 6 SPOT WELDS SPACED 34" APART.




NACA Fig. 14

N

Keller's Etch 22092
10x
(a)
0.040" - 0.040" Shest
3/4" Spot Spacing

Keller's Etch 22093
10X

(b)
0,040" - 0,040" Sheet
11" Spot Spacing

Figure 14,

Fatigue Feilures in Welds from Company A.




NACA Fig. 15

Keller's Etch 22094

22095
(b)

OuO‘O“ - 00040" Sheet
Spot Spacing 3/4"

22096

Kellerts Etch

10x

Figure 15.

Fatigue Failures in Welds ffbm Company B.
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Keller's

Vickers Hardness

A=
B~
C=
D-
E=-
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PR Tt Y

Figure 16,

Fig. 16

64 (low reading caused
by porosity)

Measurements On 24S-T Aluminum Spot Welds

Equiaxed Center Region

Dendrites

Heat Affected Area
24S5-T

External Alclad
Internal Alclad



NACA Figs. 18,19
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CURVES TO FAILURE
FIG. I8 —FATIGUE SENSITIVITY CURVES FOR LAP JOINT SAMPLES SPOT WELDED BY DIFFERENT

COMPANES .
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FIG.19 FATIGUE CURVES FOR LAP JOINT SAMPLES,SPOT WELDED BY COMPANY A AND SAMPLES
SPOT WELDED BY RPI, 0.040" SHEET, | I/4" SPOT SPACING,



Figs.. 20,21
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Type A Type H
Note crack in sheet.

Type G Type C
Note crack in sheet. Note crack in sheet,

Photographs of Stitched Joints Which Showad High Fatigue
Strength. .

Figure 21a.

22144
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Fige. 223,24
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FIG. 22 FATIGUE CURVES FOR WIRE-STITCHED LAP JOINT SAMPLES OF 0.040 IN. 24S-T ALCLAD
SHEET. (NOTE CURVE FOR SAMPLES SPOT WELDED AT RPI WITH 3/8 IN. SPOT SPACING.)
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FIG.24 COMPRESSION FATIGUE CURVES FOR STI?FENED PANELS 0.032"

THICK WITH SPOTWELDS SPACED 2'_'APART.



NACA | Fig. 23

(a) Unaffected Spot Weld

(b) Small fatigue crack in weld
which has not failed completely.

Keller's Etch
hEe) ¢

Welds Away From Break

(¢) Cracking in sheet next to
weld failure.

(d) Fatigue failure in weld.

Keller's Etch

10x

Fatigue Breaks

Figure 23.

Spot Welds in 0,032" - 0.032"
Stiffened Panel Sample with Spot
Welds spaced 2" Apart.
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NACA Figs. 25,36
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F1G.25-COMPRESSION FATIGUE CURVES FOR STIFFENED PANELS
0.032" THICK WITH VARIOUS SPOT WELD SPACINGS.
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FIG. 26— EFFECT OF SPOT SPACING ON FATIGUE STRENGTH
AND STATIC STRENGTH OF STIFFENED PANELS 0.032".




e 16.88"

Figure 27. Typical Stiffened Panel Semple
(Panel 0.040" thick, cracked spot welds spaced 3/4" apart.)
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NACA Fig. 28

(a) Sectioned transverse to
length of sample.

(b) Longitudinal.

Keller's Etch Welds unaffected by testing.
' 10x

(¢) Transverse.

(d) Transverse.

Keller's Etch Fatigue breaks.

Figure 28,

Overheated Spot Welds in 0,032" «
0.032" Sheet, 3/4" Spacing, Hat-
Shaped Stiffened Panel.



NACA Fig. 29

(a)
(b)
Keller's Etch 22102
10X
Welds Unaffected by Testing.
(c)
(a)
(e)
. Keller's Etch 22103
10X

Fatigue Breaks.

Figure'29.

Overheated Spot Welds in 0.032%" ~ 0,032"

Sheet, 11" Spacing, Hat-Shaped, Stiffened
Panel.



NACA | Fig. 30

(a)

(b)
Keller's Etch ' zzigi
Welds unaffected by testing.

(o)

(d)

(e)

(£)

Keller's Etch 221056 :

Fatigue breaks,

Figure 30.
Overheated Spot Welds in 0.040" - 0.032"

Sheet, 3/4" Spacing, Hat-Shaped, Stiffened
Panel.

IIL




NACA SR Fig. 31

(b)
Welds unaffected by testing.

Keller's Etch 22106
10x

Fatigue breaks,

Keller's Etch 22107

10x

Figure 31.

Overheated Spot Welds in 0.025" -
0.032" Sheet, 3/4" Spacing, Hat-
Shaped, Stiffened Panels.,




NACA Figs. 32,33
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FIG. 32 — COMPRESSION FATIGUE CURVES FOR STIFFENED PANELS
WITH CRACKED SPOT WELDS SPACED 34" APART.
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FIG. 33— COMPRESSION FATIGUE CURVES FOR STIFFENED PANELS WITH
CRACKED SPOT WELDS SPACED Ii" APART.



NACA Figs. 34,35
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£1G. 35-COMPARISON CURVES FOR CRACKED AND SOUND WELDS ON STIFFENED PANELS 0.032"
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CYCLES TO FAILURE
F1G. 36 — COMPARISON CURVES FOR CRACKED AND SOUND

WELDS ON STIFFENED PANELS 0.040"
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Figs. 36,37
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CYCLES TO FAILURE
FIG. 36 — COMPARISON CURVES FOR CRACKED AND SOUND

WELDS ON STIFFENED PANELS 0.040"
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